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* INTRODUCTION AND SUMMARY

During the invesﬁigation under contracts NAS 5-3452 and NAS 5-9106,

we found that sealed silver-cadmium cells must be designed specifical-

1y to meet current density*and ampere-hour requirements for a partic-

,v';nautics and Space Administration.

“ular orbital regime.  Since this conﬁract states that the cells are to

. be optimized for the 1.5, 8 , and 24 hour orbits,'three different de-

signs were chosen after a thorough review of the past contractual ef-

forts on silver-cadmium cells which were sﬁonsoped by the National Aero-

‘

B Specifically, the design imprqyemente which will be incefporated in

eeffhe'Célls are:

o 1. Control of the 51lver electrode den51ty

2. Use of non-woven polyamlde on the p031t1ve and negatlve
electrodes.

3. Control of the unlformlty of separator materlals

L, Use of "ruggedlzed" (Teflon and flbers) negatlve electrodesf
5. Control of cell electrolyte level. -

6.v Opt imum electrolyte concentration.

7. Third electrodes for gas recombination.

Other improvements in the design of silver-cadmiumAcells‘which show

-limited or transitory effects are: lead (Pb) plating of the silver elec-

trode and grid, and use Qf stabistors for charge control. These items

(3

will be discussed in the text which follows, but will_net be used in

&

the final cell designs. ' o S N | - - o o

n

. “This réport alsb includes the finalized cell designs, cell and as-

4

e
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- sembly drawings, separator composition, process parameters (for "rug-

 gedized" CdO electrodes), and description and manufacturers of cell -

~ this review are only presented in conjunction with ﬁhe various selepted

 RECOMMENDED DESIGN IMPROVEMENTS

Ee¥A

components. A complete review of past NASA contracts on sealed silver-

cadmium cells is not presented in detail in the discussion. ~Parts of

design impro#ements which will .be incorporated in the cells.

.
ot

.As a basis for the final cell designs, we will first'diécuss,the im-

provements which will be utilized in the construction of sealed silver-

'Agadmiﬁm cells for Phase IL of this contract.

Control Of The Silver Electrode Denéi@z

Work done.ﬁnder contract NAS 5-3452 (Quarterly Reports‘Nbsf 3 and L)

‘has shown that improvement in the material utilization of the silver

.

eiectrode at high rates has been achieved by decreasing the plate density --

from 4.8 to 4.2 gfcc. Fiéure 1 shows the effect of plate density on sil-

. ver utilization at'600, 1200 and 2000 cycles on the 100 ﬁinute orbit at

o 35% depth of discharge.' It can be seen that the efficiency of silver at

L2 g/cc, based on ampere-hours per cubic'centimeter of plate, is about

'16% better than silver at 4.8 g/cc. Also, k.2 g/ce is the optimum den-

fsity’based'on ampere-hour>per-gram utilization of.silver. Reducing the

. B & . ) . )
" silver density to 3.6 g/cc'results in an electrode which initially yields

" “cling of the electrodeé because of the poor mechanical stability.

. . 5
superior AH/g utilization, but its capacity decays with subsequent cy-

, -

T Mm

. 4
g
SO P .

% 2
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It should be pointed out that no significant improvement was ob-
| tained by»decreasing the silver density in cells which were cycled on
*f the 24 hour orbital regime; This is probably because the positive
E electrode is not limited by diffusion of hydroxyl ions duriné a low N

rate charge

. For the de31gn of the cells to meet the 1.5 hour orblt requlrements,

”‘we will therefore use silver electrodes fabricated to a density of
:7'h.2-g/cc. The density of the silver electrodes ‘for the 8 and 24 hour

“orbit cells will be set at L.k g/cc and 4.6 g/ce, respectively.

7331‘2.2,~ Use Of Non-woven Polyamide On The Positive

" and Negative Electrodes

. Studies carrieo out undef‘contracts NAS 5-3452 and NAS 5-9166 have
E-/shown that the use.of~non—woven polyamides on the positive‘electrode
(such as Pellon 2506K), improves the high rete charge efficiency of
o the 81lver electrode in comparlson with woven nylon. In addltlon,
'l‘ewhen Pellon is 1ncorporated on the negatlve electrodes, all free elec-
fé‘trolyte can be removed without degradetlon,ln cell performance. The
l gas recombiﬁation rates of sealed cells have‘beeo founo to improve .
K when ffee electfolyte ls removed.‘ Fot example,‘at hS psia the initial
'<'oxygen recombination rate for cells contalnlng non-woven polyamlde on
the p051t1ve and negatlve with no free electrolyte was about 3 ma/ln .
~ The value for cells contalnlng a normal quantlty of KOH was;about 0.9-
" ma/in®. It should be noted that althoﬁgh renoving all the free elec-

YA‘trolyte from cells constructed with woven nylon interseparator 1mproves

o oxygen recomblnatlon, approx1mately a 30% loss in 1n1t1al cell capac1ty

i

B N T R
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., also results. .Therefore this'technique cannot be used with cells con-

‘ structed with woven nylon.

' The use oflnon—woven fabrics on both the positive and negative elec-

'1trode has also been thoroughly studied on a prolonged float type re--

e

Jn;glme The tests were carrled out in 5 cell batterles for float peri- ."

l ‘ods up to 16 months. These studies have shown that:

f,f . . venting hydrogen evolution.

‘(l)_ Removal of free electrolyte fron cells made wiﬁh |
'; Pellon 2506K on the pos1t1ves and negatlves ellm-
1nates undesirable pressure rises (resultlng from
lt;‘}br‘icell unbalanee)° Tnis is because the rate of oxygen
recombination iS*snbstantielLy increesed. The in-: 4f
1'creaee in fne'rate of oxygen reacﬁion with cadmium.

keeps the negative state of charge low, thus pre-

1(2) Perlodlc deep dlscharges have shown that capac1ty
malntenance for batterles w1th non-woven nylon and
. ' without free.electrolyte was excellent.

Based on the above results the final cell designs will contain PellonA:f

I non-woven polyamide both on the positive and negatlve electrodes.

2.3

Control Of The Unlformlty of Separator Materials

, Control of the swelling of separator materials, in practice, can-

not easily be achieved.; The non—wovenxpolyamide as received from the

.jPellon Corp, is about 5 -1.5 mlls, also the varlatlon in swelllng of
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- C=-19 is 3.é + 0.2 mils. Béqause of these facts it will be necessary to
‘randomly check the sépaﬁgtors from éach specific lot from which cells
~will be fabricated. To'aécomp;ish this, the materials will be main-
‘téined'under'a‘mechanical pressure of 4 psi during the soakihg period
i and the percent eXpansion'measﬁred If the total separator expan81on
is less than the de31gn value, plastlc spacers could be pos1tloned on
jeach face of the cell to make up the unexpanded space If the expan-

L2

fislon is greater than the de51gn value, the end negatlve plates could
‘"ibe ‘made sllghtly thinner to'malnt?ln uniform cell pressdre.’ \

Thg peed fér sﬁacexs or‘more space is.not thoughtAlikely'since a
";préselectqd lot of separator.wfil be used. The rollé of separator to‘
":be used for these cells will be selected from a lot with the desired

5'character1st1cs The unlformlty will be checked by the follOW1ng tests:.
1) Wisual inspection . T  :.~Vl PR ? ij S

T ‘a) Color ) |

b) Hbles and/or weak spots.

2) _Thickness : o i,  _ N

m~;‘g) Dry - minimum ofhl reading per running foot

ib) Wet - minimum of 20 samples select§d in;a éandom
patterg. * | ”

e) Conﬁ;olled,eipansion (at b psi)
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" Use Of "Ruggedized" (Teflon'Aﬁd Fibers) Negative Electrodes

During our evaluation of Teflon additives to the negative to improve

'V‘ges recombinaﬁion, it was found that the plates' plastic properties al-

- - so added considerably to its mechanical strength. However, without any

.

rAeedditional binders the plates developed severe cracks duringicycling.

It was therefore necessary to provide the electrodes with additional

plstrength by the incorporation of a fibroos;matrix. The function of the
- plastic binder thus became to interlock the cedpium oxide partioles
paround nylon fibers; it was found'thaﬁ-this combination greetly increesed
“the oﬁrability of the‘electrodes Cadmium oxide electrodes w1th a rigid "

~structure were prepared by the addition of 0.5 - 2.5% Teflon and 0.10 -

4 0.20% nylon flbers (by welght) to the cadmium oxide.

It was found that the higher\loading%_of‘Teflon greatly inoreased

’the amount of pressure necessary to compress the mixture on the conduc- -
}tlve grld‘ Also, durlng high rate charglng (1 e. 60 - lOO ma/ln )the

' polarization on these negatlves is qulte ‘high, which necessitates a hlgh;.

.+ er cit-off voltage for the cell. The negatlve electrodes fabrlcated w1th"

only l% Teflon do not requlre high pressure to compress and. the polarlza-.»'

“tion characteristics are only slightly higher than electrodes without™

Teflon during high rate charging.b

Ruggedized cadmiunm electrodes which contained 2.5% Teflon which were

3

cycled on a-deep dlscharge regime at I* 83 ma/in and I, =150 ma/ln

D~

.fﬁshowed almost 90% of orlglnal capac1ty retentlon after MOO cycIés The

"é{’
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‘ ,output.' The specific values for the ruggedized and sponge negatives were

'?f:6 2n /g to 6 55 m./g after cycllng, while the control electrode area

standard sponge electrodes however, had decayed to about 50% of original

: 0}27 AH/g and.O.l6 AH/g, respectively. BET surface area measurements

Vew showed that the ruggedlzed electrode actually increased in area from

B . w : : w

T WK R AL A e

‘:ffjdecreased from 5.95 m°/g to 4.6 u /g after the same number of cycles.

Following this experiment a 5 ampere-hour; 5-cell battery was.con-

.:;;structed which included in its design plastic-bound, fibrous-negatives,

¢

153f along with low density silver eiectrodes, one Pellon 2506K on the posi-

‘igitive and negative and 5 turns of C-19 main separator. This battery,

_along with one of a more standard design, ﬁas also evaluated on a deep

:Tdiiicycle regime, It uas found that after L420 cycles the ruggedized design

~was giving 5.5 AH while the control had dropped to about L AH, or a loss ;
‘ ( _

" in capa01ty of about ho% based on 1n1t1al output. The improved utiliza-

- tion of the ruggedlzed negatlve electrodes may be due in part to the

‘Vfbof oxidized soluble separator debris which is known to decrease Cd util-

':f:ffact that the wet-proofing binder decreases the KOH electrolyte reten-

-‘_':tion of the plate by about 18%. It is obvious then, that the quantity

'}‘ization is also substantially reduced. The plastic‘binder—fiber-combinae

. tion. also prevents cracklng of the electrode which is probably due to

densification ‘and Shrlnklng of the metal with cycllng This shrlnkage

' has also been found to decrease the utlllzatlon of cadmlum in untreated

R ) . %,

'i'u lgtes o ,‘_.dyyl S ,,,:‘[‘fc : ‘;‘, L , t'*‘
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'Because of the slightly higher resistance of the ruggedized plates,
© the amount of Teflon in ‘the cells for the 1, 5 hour orbit will be reduced
aﬂdto 0.5% For the 8 and Eh hour orbltal cells 1.0% Teflon w1ll be used

5

" in the negatlve mlx

' 2.5 gontrol Of Cell Electrolyte Level
. Control of the»electrolyte quantity (rather than electrolyte level)

‘ . in a sealed cell is necessary to insure maximum oxygen recomblnatlon with

A'?fcadmlum We have rev1ewed the work that Electric Storage Battery Co.
' 'has done. on bellows control of electrolyte levels (Contract NAS 5-3813).

t“y;Thls approach obv1ously decreases the energy den51ty (Wh/lb) of the

:ﬁitﬁicell Moreover, with the use - of third electrodes bibulous 1nterseparator
‘,materlal, and 1n1t1al electrolyte adJustment, maximum gas recombination
. is obtained without extremely careful el?ctrolyte level control during
| ‘subsequent cyeling. o
For the three cell des1gns therefore; electrolyte removal need involve
,;f;donly that quantlty whlch is necessary to expose the max1mnm area of the

. ef-thlrd electrode for recombination.

d Optimum Electrolyte Concentration

: The‘choice of the optimum electrolyte concentrgtion has been‘shown to
7fdepend for the most part on temperature extremes ﬁhicn'are imposed on
“'the batteryay To some'degree it also‘depends upon the orbitaljregime re-
f“{;duirenents;v Since the temperature and Caya01ty reqnlrements of thls con-
lftract are O C to MO C and . ho% depth of discharge respectlvely, the elec-

$.

S
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trolyte concentration will be between 40 and 45% KOH. |
The electrolyte concentration for the 1.5 and 8 hour orbit cells will
| be 40% KOH, since these cells_wlll be charged at falrly high rates. This
3 concentration uill be used because the electrical resistivity is some-
- what lower than hS% KOH, which w1ll result in better hlgh rate charge

*f acceptance and low temperature performance. The results were discussed

Aiﬂ‘nopment of the Silver-Cadmiun Couple for'Space Application).

. The electrolyte concentratlon for the 24 hour orbit cell will be LLg

;'?is by silver penetration of the 'separator (NAS > 3h52 - Fourth Quarterly

:t;and Final Reports). This concentration of KOH will increase the useful
-5‘battery life by decreasing the rate of silver attack'on the separator as

¢
compared to ho% KOH on 'the 24 hour orbit reglme

i’z‘2 7 ‘Use of Thlrd Electrodes For Gas Recombination

i \#;@studied at the General Electric Advanced Technology Laboratories under

bquired whenever the oxygen recombination rate of the unassisted Cd elec-

: trode is exceeded durlng overcharge The maximumJCOntinuous overcharge<

"\"V B L

- rate for the Cd electrodes in an 11 AH cell is between lO 20 ma at room

,i' temperaturee However, we have found that the recombination is 1ncreased
fﬁ by -300-500 ma.‘forleach in?

. o& o
of third electrode included in 7 ne cell. The
DA o R , .

L S B B A 2 ST

’i‘?,' | B ,in the First Quarterly Progresszeport - NAS 5-9106 (Research and Devel-

KOH. It has been shown that the mode of failure of the long orblt cells ‘.l'jj

The use of thlrd«electrodes for gas recombination has been extensively‘vi

" contract AF 33 (615) 2615 (1966). Third or auxiliary electrodes are re-
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l‘third electrodes are positioned on the edge of the cell pack in order

to preferentially avoid'dischargingyon‘on the end Cd electrodes during

~overcharge. This preferential discharge would reduce cell capacity in

- inverse proportion to the number of Cd electrodes present.

It hasifurtheribeen'found that the cell separator system must be spec-

- ifically designed to accommodate a third electrode. In a. standard cell

‘f‘des1gn, electrolyte expelled from the p051t1ve compartment durlng over-

charge will increase the level in the negative compartment and thus sub-

:{?J‘merge the 3rd electrode. _Thls leads to a decrease in therrecomblnatlon

»

dﬁe;rate even though pressure is increasing.‘ If the overall electrolyte
f?iquentity is reduced, performance‘suffers. However, this problem can be

ff'mlnlmlzed by increasing the electrolyte quantlty and storage space avall-

*’;”eble in the p031t1ve compartment. As already dlscussed, this is accom--

y ing celly"balance durlng cycling.

ﬂliplished by .decreasing the positive elect%ode density and increasing the

. amount of non-woven polyamide.

' The proper catalyst loading for third electrodes for use in silver-

f:xrcadmium cells ié approximately 50-60 mg.Pt/inz. ‘This amount. of Pt is re-
. quired to prevent loss of activity due to organic poisoning. We have

:' cycled sealed Ag-Cd‘cells with 3rd. electrodes containing 50 mg Pt/in2

for 4 months at temperatures up to 140°F with no reductlon in act1v1ty

-

“These cells are stlll cycllng The work carried out at the G E. Labora—

torles also 1nd1cates ‘that thlrd electrodes are de81rable for malntaln—
. & B
F

VO e e
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In view of the above data third electrodes will be incorporated in
each of the tﬁree ceil designs to be delivered'to NASA The exact size .
‘: 3,of the 3rd. electrode will be determined by the speciflc orbltal reglme

Ai?'and the expected overcharge rates.

'3 OTHER CELL IMPROVEMENTS

- Lead (Pb)'Plating‘Of The Silver Electrode And Grid

It has been found that silver electrodes which are plated with Pb

‘ ; initially ehow impfoved utilization down to -10°C. Lead pleting of the
o;silier ekpanded metal collector aiso prevents voltage dip at low tempere
t:eture, %ut does not improve eilver utilization. However, cycle life
Eﬂﬁests of these cells oc‘the 160 minute orbit regime show thao the ben-y4>“
',ifef1c1al effects derived from Pb dlsappear after 500-T700 shallow cycles
‘U(35% depth of discharge). ThlS.ls probally due to oxidation and dis-
‘Vsolutlon of lead from_the_electrodee; -

It is e#idenﬁ,that'impiovemenfe in voltage and capacity are obtaihed

-f‘:initially when silver electrodes are treated with Pb. However, for the

"‘{vmost part these properties are trahsitory. These advantages, therefore,.

do not warrant the incorporation of lead in the positive electrodes.

"322 Use Of Stabistors For Charge Control
The use of a stabistor (forward Junction diode) for individual cell
. charge control has been extensively studied at Mallory under Contract

AF 33 (6l5)»= 2491, TIn this method the charging current is shunted

" around the cell when a set voltage is reached. While this techﬁique

K T e et P
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' works exceptionally well for nlckel—cadmlum cells, a problem exists for B

A - t
" silver- cadmlum cells in. matchlng the stabistor's characteristics to the

’<iccell under control, partlcularly the temperature coefficients of both.
1.'It has beenifound that even with a stablstor present Ag-Cd cells are 
' .iﬂycapable of gassing at a rate exceeding the recombination rate. This
can occur when' the ‘cutoff or bypass voltage for the stablstor is set to
~allow the cell to charge rapidly and completely In additlon, stabistor
- devices as presently manufactured subgect the cell to a contlnuous draln‘
‘z'on stand, so that the cell must-bevcontlnuously charged: Tne present

‘.state-of-the-art of stabistors therefore do not warrant their inclusion

v | into the cells for this procurement.‘

' FINAL CELL DESIGNS

\i’iswlsgﬁi * Based on the literature review of past NASA contractual efforts and

:ri‘the previous “technical discussion, the following cell design{'have been
" .6 for a complete‘disclosure of general design parameters, including

'fsuppliers)

" 4.1 Design For 1.5 hr. Orbit

Due to the high rate of charge required for the 1.5 hr. orbit, this

cell was designed with the maximum number of plates compatible with a’

Tk

,]minlmum 1n1t1al capa01ty of 11 ampere hours As mentioned in the tech-

o

: nlcal discuss1on, the dens1ty of the 31lver powder was kept low4(h 2 g/cc)
: N “ . B . IS B - . .

,‘{:,::t | ;Eufﬂr “;‘»..

‘xfjﬁselected for the 1.5, 8, and 24 hour orbit regimes. (See Sections SQandt" o

; ‘ftelectrode and separator comp031tlon, process parameters and material -

o
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 7to achieve pptimumlsiIQer ﬁti}ization and the ;mount of Teflon in the :
. negative elecp}odes is 045%; to reduce polarization. Complete désigp
  parameters aré as follod;, ~(See’notes‘aﬁ the end of Section h:B):
© &) Positive Electrodes o |
. . ‘ "~‘Nuﬁber pgrvcgl#>’ ,; 10 Ry :
| "  Size e { 1-9/16"w xk1~5/8" h ;.0.0195"': 0.00l"'th:
;‘Area : 2.51 inz’(with aie‘éufxédrners;;3/l6":R) .
n> §: i'Total plate area s -~ : 50.2 in? | S,
l1  Composiﬁion i : 100% silver powdef (l),
o ‘ ; Siiﬁer fowder per‘piate ’,"‘: 3.30 g. | A -
i;: ;vsilvei poﬁder per\éell'“ *-v ¢ 33.0 g.
g B Silver powder.density: : L.2o g/cc :Tte)'¥fﬁf
;} Grid - - N  ‘:  expanded silver stfi?iNQ. 5 Ag 15-1
 Leads ‘ | ;' 1 stiver tab. 3/32" W x 0.004" th.
1yWéight'(leaq§ not>ipqluded)j : 3.60 = 0.09 g. e
vLead insﬁlator" : | e Pélyethylene tubing
'”'5)\ Negaﬁive Electrodes | ‘ '
| C‘ Number per cell : 11 (9 full and 2 half end plates)
| ; (Full plates . 1-9/16" W x 1-5/8" h x 0.045" * 0.002" th.
e EHalf plates :;k1-9/i6" w X 1u5/8" h x 0.024" i 0;002"~th;
;‘wx _ , " Composition (by weight) : (94.35% cadmlum oxide powder + o
N . e “( 5% silver powder + 0.5% Teflon +
' Lo . R : ‘ (O 15% nylon fibers v
e ¢ 13
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' Cadmium per plate wvf[" 7

‘b'Cadmium-per cell |
:2‘fCaamium‘aensity;  f |
"*?;vcria IR
’f; Leads
-leads and aldex
cross)

‘_Cadmium to 81lver welght
. ratio S

H‘Lead>insulat§rs'

%‘ffié): Separator System

.'f f¢ Weight (inclﬁding 3"‘long e

.. .o )

TH

..

'lf;fwrapping method ‘;
2 ? j;fT5‘Positive " (type :
Lt Interseparator (size :
k Main separator (type 4
(size :
~ Negative , ‘,(typé s
Separator - ' (size >
? f?;§); Third Electrodes B
- Type :
 Number s
fPosition o H
, SRR N
’ Size :
- Leads :
[
,n. - ,.. 
; o “f‘_‘lh >
e i B UL

; Half plates: 3.52

- 17-3/16" x

-1 per cell

1-5/8" h x 1.1" w.

-2 silver wires, 0.016" dia.

(2)

' ‘ Sépt
1966
14.95 g (2.47 g in half plates)
b5 e -
2.90 g/ce
"expanded silver strip Nb 5 Ag 15 1

: 2 silver wires, 0. 016" dla.

" Full plates: 6.52 t 0.52 g.

+0.12 g. -

. 1.50

. Polyethylene tubing

- Normal "y" wrap (3)

1l bag of P-3
1- 21732"w x 1-3/4"n (1o pcs)

5 tﬁrns of C -19
L (5 pCS)

1 "U" of P-3

1-19/32" x 3-7/8" (11 pes) -

American Cyanamid type AB-6X

1D~ 213 461-3B (w1th hydrophoblc fllm)

“

. Perpendicular to (+) and (-) plates .

Y

e

3
3




. REPORT No. 776- 66

s B ; I

..

1?Separatién from cell packf Pellon P-12, 2 layers.

e

Separétion from cell wall (Véxar plastic netting 15 ADS 129
‘ t e - - (NL @aﬂ]. polyethylene)

-

Supborting grid material = : ,81lver mesh screen;goldrplated.,

- e) Electrolyte <

eo

ho% solution of pota551um hydrox1de
~in water.

Type

- Density

1.399 g/cc
()

Amount

Y

t

"% b2 Design For 8ur. osbit

x This cell was designed witﬁ'2 pairs of eleqtrodés less than the cell .
‘  §}vfor %he 1.5 hr. orbit. The extra room gainéd by the corresponding re-
f 'duction in the number'of separator "U"s.;;siused to slightly increase
the amount’ of actlve materlals and to substitute P-5, a heavier sheet of
.non-woven polyamlde, for P-3. The density. of silver powder was 1ncreased ; 
?i-to L.4 g/cc, and the Teflon‘contept in the negative electrodes to 1%, o f,,:
*fﬂfsince‘theirate of chargevreQuired for the 8 hr..orbif’is relatively low,» |
ﬂf minimizing electrolyte diffusion andAirrigatipn prqblems. |
Design paraﬁetefs are as follows (refer to\parégfgph h.l'fqr'parameters o

bf:‘ig”~',f,  f ‘not listed beiow),:’b

3
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..' B ‘A' N ‘ ™
&) Positive Electrodes B '[J”f‘f
‘Number per cell {  8 ‘
Thickness * ' . 0.024" % 0.00L"
4A‘Total plate area e ‘hO 15 in®
«  silver powder per plate . h 25 g
Sllver powder* per. cell '{ 3k.0 g.
Silver powder density : b.ho g/ece
| ~Grid 4 . s expaﬂded silver striﬁ No. 5 Ag 15-1
 VWeight (leads mot included) : L.55 +0.11g. «
; 5‘ b) Négatlve Electrodes ; ' o
' Number per cell _ : 79 (7 full and 2 half end plates)
e o (Full plates : 0.060" % 0.002" e
I =’ Thickness ,
LA ‘ (Half plates ot 0.03e" % 0.002"
Comp081tlon (by welght) ~ :( 93.85% cadmium oxide powder
, e . (+ 5% silver powder + 0.5% Teflon
. f - (+0.15%.nylon fibers
. Cadmium per plate = . 6 38 g (3 19 g in half’ plates)
f " Cadmium per cell ':7 51.0 g
" Cadmium density E 2.80 g/cc

‘Weight (including 3" long 'Full'platesﬁ..7;98 —‘8,56 g.
wires and aldex : '

‘flg; ff'k5,"b::; - cross) ~: Half plates: L.25 élh.55'g.
W T Cadmium to 51lver welght B S co T
ratlo o ¢ 1.50
’,A“.AV;
A ° N B .
- V“.AJ ‘ N
‘ . ‘ . ?

AT
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» R
o) meparator systen
L Positive jnteréepagﬁtorflu ’; (Type: 1 bag of P-5 * %
EEE “ ;fSize: 1-21/32"w x 1-3/4" h (8 pes)
" Main separét9r "-.‘ st : (Type: 5 turns of C-19 ' | E
| = | ‘<A%Sizé: 17-3/16" x L" | (4 pes)
Negative gep;;afor :;.(Type: i"g" of P-5 | 1:"v‘ é
| o VYESizéz._l 19/32". x 3- 7/8" (9 pcs) E.
‘,'d) Third Electrodes (Seé' Section k4.1) . | o SR ; i e
e) Electrolyte o ‘:‘ if'i;J  SN o '; V’/ EIER T S 53 j!i
‘ 'Typé; | | :';A: ¢ Lo% solution of potass1um hydroxlde
R oo .o in water. .
: Desién for 24 hour Orbit
| In éonside?ation of the low'rates ofbgﬁarge (and discharge) required
‘fér the 24 hoﬁr orbit, a minimum number of electrédes was used, and to
take advantage of -the extra space avallable in the cell pack, the amount - - - N
’of active materials was increased (15% over the 1.5 hr. de81gn) and an ’
'additional layer of C-lé was added to the separator system, to provide
for the long wet life expected from the cell. A heavy grid"wéé incor-
' forafed to the positive eléctrodgF to comﬁenséte fof the loss of cdn—
ducﬁivity due to tﬁe slow activation of Lhe solid‘SiiVer.grid bver a
'large number of low ;ate charges | | » | - :
 . De81gn parameters are'as follows (refer to Sectlon h 1 for parameters .
not llsted belcw) ’ l - |
: T |




|
1

" REPORT No. T76-66

a) Pos1t1ve Electrodes
NUmber per cell
“VziThiekness .
i;ATotal plate area ;
"Silver‘powderyﬁerfpiate’

Silver powder per cell

. Silver powder deﬁsity

Gria -

Weight (leads not included)

-?f;l b) Negative Electrodes

7 | NUmber per cell
: Thickness ( Full plates
( Half plates

8
-

B ~Cadmium per plate
”'.'Cadmium per cell

. Cadmium density

. Composition (by weight) |

Welght (including 3" long

: leads and aldex
- : .cross)

Cadmium to silver weight
ratios -

'+ expanded.silver strip No. 5 Ag 8-4/0 '
: 7.18%0.18g. ¢+
: -7 (5 full and 2 half end plates)
i 0.087" % 0.002" |
: 0.045" + 0.002"
:( 93.85% cadmium oxide powder
(+ 5% silver powder + 1% Teflon
(+ 0. 15% nylon fibers ‘ 7
| ': ' 9.67 g (4.83 e. in half plates)
i 58 0g. | V
s 2.80 g/ce |
(Full.plates: ~l2.32 + 0.43 g.
: (Half plates:. 6.42 % 0.22 g.
sols2
S e
318 f? . .

6
s 0.035" + 0.001"
'z 30.1 in |

i5i4,:l.6_3u g.

o

¢ 38.0 g.k
4.60 g/ce
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' ’;ifd) Third Electrodes (See Sectlon L. l)

ﬁ*ce) Electrolyte -

S - T76-66
- NASA :
T B L3
. ¢) Separator System .
' Positive interseparator i (Type: 1 bag of P-5
- - (size: 1-21/32" W x 1-3/4" h (6 pes)
. Main separator c', f H'fe: (Type: 6 turns of C-19 .
. . . | (size: 203" x 4" (3 pce); o

gative separator

éTyPe: "UH Of P 5 ‘
(slze-'~ 1- 19/32" x 3- 7/8" (7 pCS)

. Type ”‘ ’ff' S hs% solution of pota581um hydrox1de

in water.

It is common practice to include o 10%. of cadmium oxide powder

in the positive electrodes of silver-cadmium cells, as a protection

against ga331ng, ln the event of an overdlscharge However,‘for

"Ef»the shallow cycllng reglme 1ntended for the present cells, over-

;;discharge is not. p0551ble, except (a) in case of cell" fallure

" {which is not dependent on the presence or absence of the cadmium-

~ oxide) or (b) near the end of the useful life of the cells (at

- this point the cadmium oxide may add a few.cycles to theilife of

a battery). s+ . o '_

For the above reasons, and since the addition of cadmium oxide

'wogld’reduce the‘amcunt of active silver in the cells,;it was de-

4

Mg T e a
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. GENERAL DESIGN PARAMETERS

. lPositive Electrodes.

® o . R ..

~ cided not to include it in these cells for the present’program.[

ﬁie 2)Z'The designations for‘fhe expanded metal strips -are code numbers

(assigned by the Exmet Corp.,.our supplier for the product.

.. 3) See Section 5 for a.description of the wrapping method.

i L)  The correct”amount of electrolyte for all designs will be de-
- termined upon reception'qf the‘first prototype cells produced |

by YEC.

-Manufacﬁuring Process.

~ The positive electrodes‘are cut to size, by means of a blanking die,

”l*;from.strips continuously produced by a rolling mill. The rolling pro-

cess consists of the following operations: (1) transfer of the silver

"E_pcwder from a_storage hopper to a conveyor, (2) leveling of the powder

A"fl;'to uniform thickness and weight per unit area by the successive action

4air cooling of the sintered strip.

of two adjustable doctor blades, (3) covering of the moving layer of
V““powder by a sheet of expanded silver metal‘(exmeﬁ), (4) pressing of the
: powder and exmet to uniform thlckness with a roller, (5) exp081ng the

;~;mov1ng strlp to sintering temperature of an electrlc furnace and (6)

During the rolling operation, the finished strip is regﬁlarly checked

Y

.rfor weight and thickness as it comes out of the rolling mill ahd adjust-

ments are made immediately, whenever"necessaryg‘ Each 1nd1v1dual plate
.

is also checked for welght before spot weldlng the leads, whlch 1s the

2 .
o R
L
e

B DR S~ R
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R @;1final operation in the mannfacture of the.plate. After Spot weldlng,_
v ¥

~ the electrodes are checked for thlckness, including the lead area.

a
»

: 5.1.2 | Materlals.

*

Lo 5.1.2.1 ‘Sllver Powder
! ‘p“; ‘A) Physical Propertles
B a) Apparent den31ty. l h to l 9 g/cc.
'b) Average particle size: 2.0 - 4.0 microns..
f‘B);Mechanical composition: .99.9% minimum silrer (dry basrs); max. of
| \:‘0.3% (as Ag) of soluble silver salts.
. ’bElecfrical propertiesr The pcwder must have an electrical utiliza-

“tion of 2.6 grams per ampere-hour or better.

/ ) ;njf‘i5.1;2.2" Expanded silver grid (exmef).

The grld is made from solid silver sheet, by means of a spec1al ma-
“;‘chlne tool whlch punches and expands the fretal, to form a perforated ’
’;Sheet, w1th dlamond shaped holes, The thlckness oﬁ‘the original sheet, ‘
‘ f{ppthe-strand width of ‘the finished grid and the pattern of the openings |
;7ﬂ4lmay be varied according to specifications.‘”The finiShed‘grdd'has'a |

silver content greater than 99.9%;

1

5.2 - Negative Electrodes
5.2.1 o Manu;acturing Process. }
‘Lf\\‘ .+ The negative mix;‘consiating of cadmium oxide powder, silver powder,

- Teflon suspension and nylon fibers is prepared, taking special precau=A'
. . R : . & ' . S
' f;,tiqns to obtain a perfect,dispersion;ofAthe fibers. The mix is-sintered

o F -
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v § . :

:u at 360°C for apprbiiuately 10 minutes. The weight of mix required for the

7rfmanufacture-of each electrode is transferred to the cavity of a mold; pre-i

L
B

-fviously lined‘with a cross of aldex paper: and containing the'grid uith ,f

the leads spot-welded The mlx is unlformly spread into the mold and

‘75v?»-w-~covered"WIth*thefprUtruding ‘se¢tion of the aldex cross, thus completely

‘,gwrapplng the plate. A.plunger,,flttlng into,the‘cavity with minimum

5 2 2

5.2,2 1

:5:’.2.2.3 .

obtalned dlrectly from the manufacturer -

"clearance is placed on top and enough pressure is applled'to reduce the

plate to the required thickness. After releas1ng the pressure and re-

~$mo#ing the mold, the plate is ready for use.

Materials.

'Cadmium oxide powder.

,"A) Physical properuies. - RSN

a) Free flow1ng powder. ) Y
) Partlcle size: 0.95-2. 50 microns
e) Bulk dens:Lty. o 3o - o. 9o g/cc
B) Chemlcal comp051tlon
- 99.5% minimum
0.002% max. .
0.0005% max. (each)

0.001% max.
0.01% max

* .. - Cdo
B Zn , ‘ 2

Sn, Ag, Ni, Fe, In, Cu, Co, 71
Sb, Bi

Pb

06 o0 oo

eo oo

Silver powder : See 5.1.2.1 ) -
Teflon (trademark for»Dupont's polytetrafluordethylene resin) -

~ A.suspens1on of 60% Teflon in waterﬁls used. This suspension is

2

o,
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5.2.2.h NYlon fibers °*

The nylon fibers are obtained from small cuts of woven nylon separator

'material; by means of a blender. Special care must be taken to use only

=; - very small size fibers, to avoid mechanical difficulties invthe prepara-

a

" Ttion of the mix and construction of the electrodes.

- 253 ‘Third Electrodes

A detailed account of the size and locafion Pf the thi}a électrodes
‘,fis given in Section k.1. The-theoretical and practical reasons that
;;juétify their use are discussed ih Section 2.7. . /
'Aé mentioned. in Section 4.1, the electrodes are covered with a hydro- :
'phobic filﬁ’at the liquid—gaé'interface side.  The functidn of the film
~  ',;’]? ‘t (a grafted plastic.poating) is to protect the electrode from inécﬁiva-

~ tion caused by flooding. ; ..

"k5-h; : Sepaiator Sysﬁem. ¢ ' . e e

 :£:ﬂ4.The separator system consists of the following items:.

a) A positive interseparator (non-woven polyamide'fibefs).

'b) Main separator (sevefal layers of C-19). ‘b

c) ﬁegative interséparator (nbn-%oven polyamide fibers)f
The thickness of_the{ﬁolyamide fibers and the number of layers-of ’  ;
'1;5;;‘ . ‘ iColé*varies for each particular désign.r(Sée> |

<
®

_Sectiﬁn L.
sk Wrapping Method. ':»/i . ' : ' ‘ -

The wrapping of the cell electrodes”i§ performed as follows:

© v a) The positive,interseparator is prefabricated in the form of a

R B O T
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bag, heat ‘sealed at the bottom and sides and open on top.

b) The positive eleqtrode is Sllpped into the bag.

R DI REE

’f~ c) A pair of pos1t1ve electrodes (with bags) are placed, with their

bottoms facing each other, on 'a piece of main separator, pre-

~»v10usly~cut~to s1ze «The~separator 1s-wrapped around -the plates '

“and folded around the mid section, formlng a "y" shaped wrap,‘

with one plate in each branch of the "u".

d) The negatlve plates are covered with a strip of regative 1nter- e

‘separator folded as a "U", open. at the top and sides.

cell pack (half end plates)

~ .

f) The entlre cell pack is wrapped in a "U" strlp of C l9 and slipped

into the cell case,,

‘5.h.2‘ , Separator Materials."

B

Properties are tabulated below:

. '~j o %
L o v S - P-3°
~. .. Dry thicknesg (mlls) ' _ 2.0-k.0
. T . Weight (g/in<) .. 0.021-0.023
. Max. electrolytic resgistance (mohm x in ) 12

Min. electrolyte retentlon (weight ¢) 200

B

.‘«* Tentative spec1f1cat10n
- ** After 1 hour soak in 38% KOH, at 20 C
‘H* Using 30% KOH G

e n

o

' i e) The negatlve plates (w1th "U"'s) are placed in the center of the

""U"-shaped positive wrap, between "U"'s, and at both ends of the

= a) P-3 and P-5 are Yardney code names to de31gnate the pQSltlve and
: negatlve interseparator materlals, con81st1ng of lOO% non-woven

polyamlde fibers. Both are highly calendered Their physical

. h.O—?_.O
0.032-0.034
. 15.
200 '




REFORT. Io. 776-66

NASA o ; S ; N
‘v':“ 4..
. . . .
%

~

b) The C-19 is a cellophane membrane (300 PUT-0) treated by Yardney

'TT;flvfllﬁ>“ C-19 process (proprletary) Phy31cal propertles are as follows'

f}j "Dry'thickness: 1.2 mils max. *
i; fil Molsturencdntent: 10% min. ' |
,f; k"_llmElectrolytlcmreSLStance- 1k -mohm-x- 1n2," A””after‘Qh hour
: | soak in hs% KOH.,
Silver conterit: 0.7 to 1.3%
Wet thlckness: 3.0 - 3.4 mils. .
’aflsafgflia ?E1ectrolyte. 7 o v . B

.«

S : . . o
* i -of Yardney -cells are prepared by diluting 45% solution with the correct
‘Fframount of distilled water. The hs% solutlon analysis spec1f1catlons are

. as follows (percentages by weight)

> KoH . b0 to b6, %
S KOG 0.25% mex.

i o o e, R

. pe . 0.0005% max.

. '.“ ”
e
»
@ .
a, s o \\
. B s -
»‘ o & M
R J .
_— 2,
Sy e .
s a .
; .
; -
s
. % 25

. The various concentrations of KOH solutions used for different models

ER SO I bR B
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6 LIST OF SUPPLIERS

A

Ttem

. Silver Powder

. Expanded Metal

“,YCanium Oxide Powder

 Teflon

_ Pellon (P:3, P-5, P-12)

- c-19
Cellophane 300 FUT-O
' Silver Wire
i Third EiectrodesL.
 ,;Vekar Plastic‘Néttihg

.

. KOH

® Sept
: 1966
v
Sugglier

. Yardney Chemical, Modena, N.Y.
-~ . Exmet Corp. ¥ Tockhoe, N.Y.

American Smelting & Reflnlng Co.,';, oy :’

. New York, N.Y.

E. I. du Pont de Nemours & Co.,"
New York, N. Y. ‘

“Pellon Corp., New York, N.Y.

Yardney Chemical, Modena, N.Y.

" E. I. du~Pont de Nemours & Co.

Handy and Harman Co., Mt. Vernon, N. Y.

American Cyanamide Co., Wallingford, Conn.

E. I. du Pont de Nemours & Co.

Hooker Chemical Corp., No. Tonawanda, N.Y.

'y ) .
s -
: .
]
26 .

?
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7 - CELL PHYSICAL DIMENSIONS. S

: .l7.ll 5 ’ De31gn for 1. 5 hr. orblt-jb

v

a) Dry, unsealed '-,172-ér:‘

228 gr.

b) Wet, unsealed

¢) Potted 328 gr.

b

-4 7.1.2.  Design for 8 hr. orbit

s

1r2 gr.

lf.z;lu?;}~' ;;l‘fl' - a) Dry, unsealed_ri "1',
208 gr., 

b) Wet, unsealed

c) Potted

ce

328 gl;; B
l,' 7.1.3 De31gn for 24 hr, orbit . ﬁ"A"f ,

: a) Dry, unsealed 184 gr.

LX)

‘D) Vet, unsealed 240 gr.

(2]

¢) Potted 340 gr.

- Note: A1l the weighthlveh‘above have been calculated. ' While the

calculated dry welghts should be quite close to the actual

cell weights, the wet welghts‘(unsealed anq potted) may fiot
be as accurate because the amount of electrolyte cannot be

_ estimated with precision until cell models are built.

P

. .e
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. ."" ‘.
»

”fk'7.21“1' Volume (Same for all designs)

T KR

© o a) Unsealed, w.o. terminals s 6 inslv L ,ti tftt‘?

K':,,:«;;ttA\f b) Unsealed,’inclﬁding terminéls: 7.95 in3

. R . . . < M
L [N . B g

A'kngf.fyiﬁ,; e) 'Potted, ¥w.0. connectors

...

9’

11,75 i

be

13, 65 in 3

d) Potted, 1nclud1ng connectors

X -'

.« -

the' For cell dlmens1ons, see assembly draw1ngs attached

to this report

e






